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TMDL Analysis for the Nanticoke River and Broad Creek, Delaware

Preface

The Clean Water Act requires States to list all waters that do not meet water quality
standards even after pollution controls required by law are in place. For these waters, the State
must establish Total Maximum Daily Loads (TMDLS) for the pollutants of concern. A TMDL
sets alimit on the amount of a pollutant that can be put in the water without violating the
standard, and then distribute that amount to all sources. Delaware Department of Natural
Resources and Environmental Control (DNREC) has listed the Nanticoke River and Broad Creek
as waters that do not meet water quality standard for designated uses even though all the
pollution controls required by law are already in place. Nutrients of phosphorus and nitrogen and
Carbonaceous Biochemical Oxygen Demand (BOD, a primary factor for in-stream dissolved
oxygen content) were identified as pollutants for these listed waters and therefore, TMDLs for

these pollutants must be developed.
DNREC, in cooperation with other parties, has led the development of the TMDLs for the

Nanticoke River and Broad Creek. This document provides background information for the

TMDL development, and serves as a technical basis for the TMDLSs regulation.

Final, December 1998 i
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EXECUTIVE SUMMARY

Section 303(d) of the Clean Water Act (CWA) as amended by the Water Quality Act of 1987,
requires States to identify those waters within their boundaries which are water quality limited, to
prioritize them, and to develop Total Maximum Daily Loads (TMDLSs) for pollutants of concern.
A water quality limited water is a waterbody in which water quality does not meet applicable
water quality standards, and/or is not expected to meet applicable standards, even after
application of technology-based effluent limitations for Publicly Owned Treatment Works
(POTW) and other point sources.

The Nanticoke River and Broad Creek in Delaware have been identified as water quality limited
waters, are included in the State’s 1996 and 1998 303(d) list, and are targeted for development of
TMDLs. The major environmenta problems in the sub-basin are nutrient overenrichment and low
dissolved oxygen levels caused by point source discharges and nonpoint sources. Therefore,
TMDLs developed in this report focuses on chemical constituents of total nitrogen, total
phosphorus, and dissolved oxygen. The targeted concentrations for these three constituents are
3.0mg/l, 0.1 mg/l and 5.5 mg/l, respectively.

To develop the total maximum daily loads for Nanticoke River and Broad Creek, an intensive
water quality monitoring was conducted from 1991 through 1994. During this period, water
quality and quantity data were collected for the Nanticoke River and its mgjor tributaries. The
result of this monitoring activity was used to develop and calibrate a hydrodynamic and water
quality model of the Nanticoke River and Broad Creek. The U.S. EPA’s Water Analysis
Simulation Program (WASP) modeling framework was used for this purpose. The Nanticoke
River Model was calibrated to water quality and hydrodynamic conditions of the year 1992 (as a

base-line).

Using the calibrated model of the Nanticoke River, severa point and nonpoint source loading

scenarios were considered for the sub-basin.  The results of these analyses showed that to
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improve water quality condition of the Nanticoke River, pollutants loads to the river should be
reduced significantly. Based on the results of these scenario runs, Delaware DNREC has
established total maximum daily loads for the mainstem of Nanticoke River and Broad Creek

which call for implementation of the following action plans:

1. Biological Nutrient Removal (BNR), or equivalent, processes shall be employed in three
large municipal wastewater treatment plants in the Nanticoke River and Broad Creek Sub-
basin. These three facilities include Seaford Sewage Treatment Plant, Bridgeville Sewage
Treatment Plant, and Laurel Sewage Treatment Plant. This shall result in reducing

nitrogen load from these three facilities from the current permitted load of 199 kilograms per day
(439 pounds per day) to 100 kilograms per day (221 pounds per day). Reduction of

phosphorous loads from these three facilities will be from the current permitted load of 33

kilograms per day (73 pounds per day) to 25 kilograms per day (55 pounds per day).

2. For the remaining wastewater treatment plants in the watershed, discharge of nitrogen and
phosphorous loads shall be capped at their current permitted loads. These loads are 568
kilograms per day (1252 pounds per day) of nitrogen and 1.0 kilograms per day (2.2 pounds
per day) of phosphorous.

3. The nonpoint source nitrogen load to the Nanticoke River and Broad Creek shall be reduced
by 30 percent (from year 1992 base-line). This shal result in reduction of al nitrogen loads
during anormal rainfall year from 2274 kilograms per day (5013 pounds per day) to 1723
kilograms per day (3799 pounds per day).

4.  The nonpoint source phosphorus load to the Nanticoke River and Broad Creek shall be
reduced by 50 percent (from year 1992 base-line). This shall result in reduction of all
phosphorous loads during a normal rainfall year from 54 kilograms per day (119 pounds per
day) to 36 kilograms per day (79 pounds per day).

viii



Based upon hydrodynamic and water quality mode runs and assuming implementation of
reductions identified by actions 1 through 4, DNREC has determined that, with an adequate
margin of safety, water quality standards will be met in the Nanticoke River and Broad Creek.

Implementation of this TMDL Regulation shall be achieved through development and
implementation of a Pollution Control Strategy. The Strategy will be developed by DNREC in
concert with the Department’ s ongoing Whole Basin Management Program and the affected

public.



1. Introduction

1.1. Background

Water quality monitoring data has shown that the Nanticoke River and Broad Creek are highly
enriched with nutrients phosphorus and nitrogen. Although nutrients are essential elements for
both plants and animals, their presence in excessive amounts cause undesirable conditions, such as
frequent phytoplankton blooms and large daily swings in dissolved oxygen levels. Moreover, in
terms of daily average, mainstem of the Nanticoke River has experienced frequent low levels of
dissolved oxygen (DO) concentration. These conditions have resulted in violation of State water
quality standards. Asaresult, the designated uses for these waters as defined in the standards are
not supported.

Section 303(d) of the Clean Water Act (CWA) as amended by the Water Quality Act of 1987,
requires Statesto list all water quality-limited waters and to develop Total Maximum Daily Loads
(TMDLys) for pollutants of concern. Water quality-limited waters are waterbodies in which water
quality do not meet standards even after pollution controls required by law arein place. A TMDL
sets alimit on the amount of a pollutant that can be put into a waterbody without violating the
water quality standard, and then distribute the amount to all sources.

Nanticoke River and Broad Creek have been identified as water quality limited waters and were
placed on the State’ s 1996 and 1998 303(d) Lists. 1996's List (6) identified nutrients as pollutant
of concern for both streams. 1998's List (7) added DO to the pollutant column for the Nanticoke
River. Therefore, TMDLs for nutrients and DO related pollutants must be established for these
two streams.

1.2. Development of TMDLsfor Nanticoke River and Broad Creek

Delaware Department of Natural Resources and Environmental Control (DNREC) took the lead
on developing TMDL s for the Nanticoke River and Broad Creek. It conducted intensive basin
monitoring to collect water quality and quantity data for developing water quality models.
Following that, DNREC initiated development and calibration of a comprehensive hydrodynamic
and water quality models of the Nanticoke River, by using the service of a consulting firm, Tetra
Tech, Inc.. The calibrated model has been used to run a variety of load reduction scenarios and to
establish the TMDL. On September 9, 1998, DNREC held a public hearing regarding the
Nanticoke River and Broad Creek TMDL. Comments received during the hearing are
incorporated in finalizing this report.

1.3. Purpose and Approach of the Analysis
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The purpose of this study was to project instream water quality conditions under different
pollution reduction scenarios, evaluate them, and then establish the TMDLs for Nanticoke River
and Broad Creek.

This was accomplished by first setting the TMDL target concentrations. Then, considering
hydrologic condition and pollutant loading situation, data sets were prepared, and model scenarios
were assembled and simulated. The simulation results were evaluated and were compared to the
TMDL targetsto seeif they comply. Based on that, aload reduction scenario was selected to
calculate the TMDL s and estimate the distributions of the pollutant |oads among various sources.
In addition, amargin of safety (MOS) is considered when setting the TMDL limit.

This process involved using mathematical models to project stream conditions under different
loading scenarios. The U.S. EPA’s Water Quality Anaysis Simulation Program, version 5
(WASP5) has been used for this purpose. The model has been calibrated to 1992's hydrologic
and loading conditions and is believed that it can be used as a predictive tool. So far, many
loading scenarios have been simulated, some of which will be reported in this document.

1.4. TMDL Targets

Asidentified in the 303(d) List, nutrients and DO related substances are the pollutants which are
the subject of this TMDL analysis. The following instream concentrations of total nitrogen (TN),
total phosphorus (TP), and dissolved oxygen (DO) are used to establish the TMDL.:

3.0mg/l for TN

0.10 mg/l for TP

5.5 mg/l for DO (as daily average) (1)

4.0 mg/l for DO (as minimum at any time) (1).

Although State of Delaware water quality standard does not have specific numerical criteriafor
nutrients, it does have narrative criteria which require to minimize nutrient input to surface waters
from point and human induced nonpoint sources. Based on literature values and professional
judgement, the above concentrations have been considered to evaluate Delaware Waters for
305(b) Report and 303(d) List as required by the Clean Water Act. Therefore, it is reasonable to
use the same values as the TMDL targets. In applying these nutrient target concentrations for
establishing TMDLSs, DNREC has applied a 20% confidence limit, and believes that projected
water quality concentrations within the limit will meet water quality standards and support the
designated uses.

Regarding DO, Section 11 of the State Surface Water Quality Standard (1) establishes above
values as the instream standard.

1.5. Water Quality Standards



The Surface Water Quality Standard (1) is state regulation and the basis for State’ s 305(b)
Reports, 303(d) Lists, and the TMDL Regulations. The water quality standard has two
components. Oneis “designated use”, such as fish and aquatic life use. Another oneis “criterion”,
the in-stream condition necessary to protect the designated use. The criterion can be a numeric
value (chemical or physical measures) or a narrative statement.

The standard specifies the following designated uses for the Nanticoke River and Broad Creek:
- Primary contact recreation,
- Secondary contact recreation,
- Fish, aguatic life, and wildlife,
- Industrial water supply,
- Agricultural water supply (for freshwater segments), and
- Waters of Exceptional Recreational and Ecological Significance (ERES).

The State of Delaware Surface Water Quality Standard provides specific numeric criteriato
support the designated uses in the following sections:

- Section 9: Toxic Substances

- Section 11.1: General Criteriafor Fresh Waters

- Section 11.5: Criteriafor Waters of Exceptional Recreation and Ecological

Significance (ERES Water)

- Section 11.6: Criteria Governing Primary Contact Recreation Waters.
Also, Section 7 provides a narrative statement of the criteria concerning nutrients over
enrichment, and Section 3 provides the department’ s antidegradation policies.

1.6. Characteristicsof Nanticoke River Sub-basin

The total maximum daily loads as discussed in this document are set for the mainstem of
Nanticoke River and tidal portion of Broad Creek. The Nanticoke River segment isfrom
headwaters above Bridgeville to MD-DE State line. The Broad Creek segment is from Record
Pond to its confluence with Nanticoke River.

Due to the nature of the pollutant sources, the study areaincludes all watersheds within the
Nanticoke River Sub-basin (see Figure 1-1). This sub-basin is located in southwestern part of the
State and has a drainage area of 397 square miles (253,906 acres). Major land use activity in this
sub-basin is agriculture which takes 51 percent of the total land in the sub-basin. Figure 1-2
shows the land use information. Table 1-1 and the pie chart in Figure 1-3 summarize the
information using land use categories. Asit can be seen, after the agriculture, wooded area with
39%, brushland with 5%, and urban areas with 2.4% are other land uses in the sub-basin.



Gresnwood EHendale
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Figure 1-1. Study Area - Nanticoke River Sub-basin
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Figure 1-2. Nanticoke River Sub-basin Land Use/Land Cover
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Table1-1. Land Use Activitiesin the Nanticoke River Sub-basin

Land Use (acres)

W ater shed .
Urban/ |Agriculture|Brushland |Forest | Wetland [Water | Others || Total
Built up
Main Stem 3903 53731 1807 | 26225 | 478 543 | 1531 | 88218
Nanticoke River
Broad Creek 1014 40886 3839 |20038 | 310 381 | 1106 | 76574
Deep Creek 749 17119 30985 |19310 | 278 57 19 || 41517
Gravely branch 317 9101 2448 | 15030 | 393 0 7 27296
Gum Branch 01 9925 515 9586 45 0 139 || 20301
Total 6638 130762 12609 |126156| 1771 081 | 4921 | 253906

Forest (39.1%)

Other (1.1%)
Brushland (5.0%)
Water (0.4%)

Wetland (0.6%)

Urban (2.4%)

Agriculture (51.5%)

Figure 1-3. Land Use/Land Cover in the Nanticoke River Sub-basin




Geologically, the sub-basin lies within the Atlantic Coastal Plain which consists of a seaward
dipping wedge of unconsolidated and semi-consolidated sediments (2). There is no bedrock near
the surface or the soil in this Sub-basin. Also, there are no minera extraction or oil and gas
drilling sitesin the area.

The topography of the Nanticoke River Sub-basin is characterized by extremely flat lands with
dight localized relief, most of which is along the middle sections of the Sub-basin and next to the
River. The Sub-basin’s upper most reaches are about 60 feet above sealevel, while the area close
to Maryland border isonly 10 ft above sealevel (2).

The soils are generally sandy and porous and consist of the following major associations: Tidal
Marsh, Fresh, Association; Sassafras-Fallsington association; Evesboro-Rumford association;
Fallsington- Sassafras-Woodstown association; and Fallsington-Pocomoke-Woodstown
association. The Fallsington-Sassafras-Woodstown and Fallsington-Pocomoke-Woodstown
occur in the upper most reaches of the Nanticoke River and cover about one-third of the Sub-
basin (2).

1.7. Water Quality Condition

Water quality of the Nanticoke River Sub-basin has been monitored for more than 25 years.
Location of monitoring stations in the sub-basin is shown in Figure 1-4. To support this TMDL
study, an intensive water quality and quantity monitoring was conducted during 1991-94. A
guarterly monitoring has been continued in the sub-basin since.

Elevated levels of agae (as measured by chlorophyll-a) are regularly observed in tidal portions of
the Nanticoke River. During 1991-94, data showed that average concentrations of Chlorophyll-a
were above 50 ug/l in the tidal portion. This condition has been attributed to high nutrient
content in the water. Along with favorable environmental conditions, like temperature and light,
high concentration of nutrients promotes excessive growth of phytoplankton (a condition
generaly referred to as algal bloom). High levels of phytoplankton biomass causes wide diurnal
variation of dissolved oxygen (DO) in the water. Thisvariation of DO is harmful to aquatic life.

A comprehensive water quality assessment of the Nanticoke River (3) and the 1996 and 1998
305(b) Reports (4) (5) have shown that nutrient over enrichment, low DO concentration, high
bacteria, and high water temperature stress the Nanticoke River and Broad Creek. 305(b)
Reports have identified following designated uses as not being supported:

- fish and aguatic life use

- Exceptional Recreational and Ecological Significance use, and

- primary contact recreation use.

Magjor sources of pollution, which causes the above water quality problems, include point source
discharges from municipal and industrial wastewater treatment plants, and nonpoint sources like
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surface runoffs from agricultural, urban, and other land use activities in the sub-basin. Details of
point source discharges are presented in Chapter 2, and nonpoint source information is discussed
in Chapter 3.



Water
Monitoring Station

Town

Figure 1-4. Water Quality Monitoring Station in the Nanticoke River Sub-basin
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2. Development and Calibration of
the Nanticoke River/Broad Creek Model

Hydrodynamic and Water Quality Model for the Nanticoke River and Broad Creek was
developed through a cooperative effort between Delaware DNREC and U.S. EPA Region 11,
using the U.S. EPA’s Water Analysis Simulation Program (WA SP5) modeling framework. The
genera purpose WASP modeling framework is developed by the U.S. EPA and has been widely
used for application to many rivers and estuaries world wide.

WASP5 Modéd of the Nanticoke River consists of two submodels: hydrodynamic model,
DYNHY D5, and water quality model, EUTROS (Figure 2-1). In what follows, the main
components of the Nanticoke River Model will be reviewed briefly. A detailed discussion of the
Model and its application to the Nanticoke River can be found in references 8 and 9.

The Nanticoke River
WASPS5 Model

DYNHYD5 EUTRO5
Hydrodynamic Model Water Quality Model

Figure2-1. Components of the Nanticoke River WASP5 M odel



2.1. Hydrodynamic M odel

The EPA’s DYNHY D5 Hydrodynamic Model was applied to Delaware portions of the Nanticoke
River and Broad Creek. The DYNHY D5 hydrodynamic model solves one dimensiona equations
describing the propagation of along wave through a shallow water system by conserving both
momentum and volume. The equation of motion, based on the conservation of momentum,
predicts time variable flows and velocitiesin ariver and is written as (9):

U U

ER

where:

N the rate of velocity change with respect to time, m/sec?

U Y _ the Bernoulli accel eration, or the rate of change of momentum, m/sec?

ox

a,, = Oravitational acceleration, m/sec?

a = frictiona acceleration, m/sec?

a, s = wind stress acceleration along channel axis, m/sec?

X = distance dong channel axis, m
t = time sec
U =veocity aong the channel axis, m/sec

€ =longitudina axis

The equation of continuity is given by (9):

A _ N
ot oX
where:

A = cross-sectiona area, m?



Q = flow, m¥/sec

Simultaneous solution of the equations of momentum and continuity, at each time step and for
each segment of the river, provides time variable velocity and elevation information for the entire
system. These velocities and elevations information are saved in an output file to be used as an
input to the water quality model.

The DYNHY D5 Model of the Nanticoke River consists of 40 segments (see Figure 2-2). Twenty-
eight (28) segments are aong the main stem of the Nanticoke River from White Marsh Branch
(river mile 58) to Sharptown, Maryland (river mile 29), covering atotal of 29 miles. There are 12
segments along the Broad Creek from Records Pond (river mile 42) to the confluence with
Nanticoke River (river mile 34), having atotal of 8 miles.

The principal input data for the DY NHY D5 include physical characteristics of the receiving
stream, fresh water flows from tributaries, and tidal oscillations at downstream boundary. In what
follows, first, hydrodynamic characteristics of the Nanticoke River will be reviewed briefly. Then,
the results of the DYNHY D5 Model for the Nanticoke River will be presented.



Figure2-2. Model Segmentation for Nanticoke River and Broad Creek



2.1.1. Hydrodynamic char acteristics of the Nanticoke River
Tidal elevation

The Nanticoke River, from its mouth at the Chesapeake Bay up to Rd. 545 Bridge north of
Seaford, Delaware, istidal.  Similarly, the mainstem of the Broad Creek from Records Pond to
its confluence with the Nanticoke River istidal. In order to characterize tidal oscillations of the
Nanticoke River, two tide gages were installed on the river: one at Sharptown, Maryland, and
another at Rt. 13 Bridge, Seaford, Delaware. These two tide gages were in operation from 1991
through 1994 and recorded tidal elevations at these two sites.  Figure 2-3 showstidal elevations
at Rt. 13 Bridge, Seaford, from July 1, 1992 through July 5, 1992 for every fifteen minutes
interval.

N A NN A AN

Tidal Elevation (ft)
'_\

Day of the Month (July 1992)

Figure 2-3. Tidal Elevation at Rt. 13 Bridge, Seaford (July 1, ‘92 - July 5, *92)

Bathymetry

To collect bathymetry information for the Nanticoke River, and through a cooperative agreement
with the United States Geologica Survey (USGS), a survey was conducted during the summer of
1991. During this survey, cross sectional profiles of the Nanticoke River at Sharptown,
Maryland, and at Seaford, Delaware were determined (see Figure 2-4).
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Figure 2-4. Cross Sectional Profile of the Nanticoke River at Shar ptown and at Seaford
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Stream flow

The USGS stream flow gaging station 01487000 on the Nanticoke River is the only active gaging
station in the sub-basin. It locates 800 ft downstream from Gum Branch, 2.5 mile southeast of
Bridgeville, and 50.5 mile upstream from mouth (10). This station has a drainage area of 75.4
sguare miles and has been in operation since 1943.

Figure 2-5 below shows daily flows during the year 1922, annual average flow during 1992
(65.25 cfs), long term average flow (90 cfs), and the 7Q10 flow (14.92 cfs) for this station.
Based on the data above, year 1992 can be considered a dry year.

250
200
2150
3 cf
2100 M A zx90 s
., l\f AW
50 ) Resasis 0 QAW WW

0
01 02 03 04 05 06 O7 08 09 10 11 12
Month

[— Daily Flow ——— 92 Avg. Flow ~ esssss 7Q10 Flow Long Term Avg. ]

Figure2-5. Stream Flow at USGS Gaging Station 01487000, Nanticoke River

2.1.2. Resaultsof the Calibrated DYNHY D5 Model

As stated earlier, the DYNHY D5 Model for the Nanticoke River was developed and was
calibrated using hydrologic and hydrodynamic data for the year 1992. After a successful
calibration of the hydrodynamic model, the model output was saved and was used as an input to
the water quality model. Figures 2-6 and 2-7 present some of calibrated model’ s results for
several segments of the Nanticoke River and Broad Creek (8).
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The WASP5 water quality model and its eutrophication submodel, EUTROS5, were applied to
Delaware's portion of the Nanticoke River and Broad Creek. WASP5 is a dynamic compartment
model that can be used to analyze a variety of water quality problems in such diverse water bodies
as ponds, streams, lakes, reservoirs, rivers, estuaries, and coastal waters. The Model applies
principles of conservation of mass, which requires that the mass of each water quality constituent
be accounted for in one way or another. WASP5 traces each water quality constituent from the
point of entry to the system until its final point of export, conserving mass in space and time (9).

The general one dimensiona mass balance equation solved by the WASPS Modd is (9):

aC 0 0 aC
—_— = = + — —) + + +
ot D B RS S
where:
C=  concentration of the water quality constituent, mg/|
t= time, day
U, = longitudina advective velocity, m/day
E,= longitudina diffusion coefficient, m%d
S = direct (point and nonpoint source) loading rate, g/m3-day
S; = boundary loading (including upstream, downstream, benthic, and atmospheric)
rate, g/m>-day
S = total kinetic transformation rate; positive is source, negative is sink, g/m*-day

The enhanced version of EUTRO5 submodel applied to the Nanticoke River and Broad Creek can
simulate the following eleven constituents:

(2) ammonia-N

(2) nitritetnitrate-N

(3) inorganic phosphorous-P

(4) single functional group of algae (as chlorophyll-a)

(5) tota organic carbon (as ultimate CBOD)

(6) dissolved oxygen

(7) total organic nitrogen-N

(8) total organic phosphorous-P

(9) dinity

(20) total suspended solids

(11) total coliform bacteria

The time step to run the Nanticoke River/Broad Creek Water Quality Model was 60 seconds.

The required input data for the model include: initial and boundary concentrations; pollutant loads
from point and nonpoint sources; kinetic parameters, constants, and time functions; advective and
dispersive transport; and the hydrodynamic model output. In what follows, first, point and
nonpoint sources of pollutants in the sub- basin will be discussed briefly. Then, some of the
results of the calibrated water quality model will be presented.
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2.2.1 Pollution L oads

Point source loads

Discharge of pollutants to the waters of the State is regulated through DNREC's administration of
the National Pollution Discharge Elimination System (NPDES) Permits Program. Section 402 of
the Water Quality Act of 1987, as amended, requires all dischargers to waters of the State to
apply and obtain an NPDES Discharge Permit prior to initiation of discharge. An NPDES Permit
isissued for afive-year period and regulates the quality and quantity of pollutants that can be
discharged to the surface waters of the State.

Seven municipal and industrial wastewater treatment plants are currently in operation in the
Nanticoke River Sub-basin. Figure 2-8 shows the location of these facilities. Table 2-1 liststhe
identification of these facilities and Table 2-2 lists permitted flows and loads for three pollutants
(total nitrogen, total phosphorus, and carbonaceous biochemical oxygen demand) from these
seven facilities.

As arequirement of the NPDES Discharge Permit, al facilities discharging to the waters of the
State monitor their effluent for flow and concentrations of pollutants and report them to the
Department regularly. The results of these monitoring for wastewater treatment plants in the
Nanticoke River Sub-basin during the calendar year 1992 are summarized in Table 2-3.

Table2-1. NPDES Facilitiesin the Nanticoke River Sub-basin

Facility Name NPDES No. Size Type Recelving Stream
DuPont Seaford DEO0000035 Major Industrial DuPont Gut
Seaford STP DE0020265 Major Municipal | Nanticoke River
S.C. Johnson DE0050971 Minor Industria Nanticoke River
Bridgeville STP DE0020249 Major Municipal | Nanticoke River
DelAgra Corp. DE0050938 Minor Industrial Bridgeville Branch
Laurel STP DE0020125 Major Municipal | Broad Creek
Mobile Garden Trailer DE0050725 Minor Municipal | Tributary of Nanticoke River
Park




6 @Bridgeville
Dd Agra
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Figure 2-8. Locations of NPDES Facilitiesin the Nanticoke River Sub-basin



TABLE 2-2. NPDES Permitted Flows and L oads

Flow Daily Load (kg/d)
FACILITY NAME (mgd)

BOD5 Total P Total N

DuPont Seaford 64.65 187 ** 0.0** 535 **
Seaford STP 2.0 91 15.2 61
S.C. Johnson 0.8 8 0.2* 20*

Bridgeville 0.8 91 12.7* 116 *
DelAgra Corp. 0.715 14 0.3* 20*
Laurel STP 0.5 57 54+* 22 *
Mobile Garden Trailer 0.028 2 04* 3*
Total 69.093 455 34.2 767

* Loads are not a permit limit, but are based on monitoring results.
** Net load from DuPont Plant (after considering load in the intake)

TABLE 2-3. Monitoring Resultsfor the NPDES Facilities During 1992

Flow Concentration (mg/l) Daily Load (Kg/d)
FACILITY NAME (mgd)
BOD5 | Phosp. | Nitrogen || BOD5 | Phosp. Nitrogen

DuPont Seaford 37.8 2.7 0.12 6.8 102 * 0.0* 291*
Seaford STP 0.95 11.3 3.0 22.2 41 10.8 80
S.C. Johnson 0.23 25 0.1 6.5 2 0.1 6
Bridgeville STP 0.17 12 4.2 38.2 8 2.7 25
DelAgra Corp. 0.12 2.0 0.1 7.53 1 0.0 3
Laurel STP 0.19 10.7 2.85 115 8 21 8
Mobile Garden Trailer Park 0.028 15.0 4.0 30.0 2 04 3

Total 39.488 -- -- -- 164 16.1 416

* Net load from DuPont Seaford Plant (after considering credit for intake)




Nonpoint source loads

Surface runoffs from agricultural fields and urban areas are mgjor sources of bacteria, organic
matters, and nutrients to the waters of the Nanticoke River and Broad Creek. The magnitude of
nonpoint source loads in the Nanticoke River Sub-basin has been studied by several investigators
including Ritter and Scarborough (11), Davis and Greene (12), and Tetra Tech, Inc. (8). The
results of these three investigations will be reviewed in Chapter 3 of this report.

2.2.2. Resaultsof the Calibrated WASP Model

As stated earlier, the WASP5 Water Quality Model of the Nanticoke River and Broad Creek was
developed for the hydrodynamic and loading conditions of the year 1992. The Moddl was, then,
successfully calibrated using the observed field data at monitoring stations (in Figure 1-4) in the
sub-basin.  Figures 2-9 through 2-14 show the average concentrations of various constituentsin
the transect of the Nanticoke River and the Broad Creek, as projected by the Model. These
values are average concentrations during summer season, which is considered here to be from
June through September.
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Figure 2-9. Calibration of Dissolved Oxygen and BODS for the Nanticoke River
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Figure 2-10. Calibration of Total Phosphorusand Total Nitrogen for the Nanticoke River
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Figure2-11. Calibration of Phytoplankton (Chl-a) and Temperature for Nanticoke River



Nanticoke River WASP5 Model Calibration (Jun 1 - Oct 1, 1992)

16 \ \ \ \ \
14 - —
12 —
10 — —
-
>
£ 8 - 2
=
[
& i o
X
] 6 |
4 i
2 = —
0 | | | | | | | |
33 34 35 36 37 38 39 40 41 42
River Mile
Run WNRO039: Broad Creek Transect
‘ % observed model (averaging interval: 160.00 - 270.00 days)
Nanticoke River WASP5 Model Calibration (Jun 1 - Oct 1, 1992)
10 I I I I I
8 i
6 i
-
>
E
n
o
o
I} 4 i
2 i
0 | | | | | | | |
33 34 35 36 37 38 39 40 41 42
River Mile

Run WNRO039: Broad Creek Transect

(no observed)

model (averaging interval: 160.00 - 270.00 days)

Figure2-12. Calibration of Dissolved Oxygen and BODS5 for the Broad Creek
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Figure 2-13. Calibration of Total Phosphorus and Total Nitrogen for the Broad Creek
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Figure 2-14. Calibration of Phytoplankton (Chl-a) and Temperature for the Broad Creek



3. Evaluation of Various L oading Scenarios

To investigate the effectiveness of various load reduction scenarios in improving water quality of
the Nanticoke River and Broad Creek, seventeen loading scenarios were considered (Table 3-1).
Using the calibrated Hydrodynamic and Water Quality Model of the Nanticoke River and Broad
Creek, water quality conditions of the receiving streams under each scenario were projected. In
what follows, a brief description of each scenario and the projected water quality conditions of the
Nanticoke River and Broad Creek for the scenario will be presented.

Table 3-1. Loading Scenarios

Scenario | Input File(s) Description

Base Run |HNRO14.INP/ | TetraTech’'sfinal run - 1992 hydrologic and loading condition. Thisis
WNRO39.IN considered as the base run.

One HNRO14.INP/ | Same as the Base Run except when nonpoint sources loads are reduced to zero.
WNRO50.INP

Two HNRO14.INP/ | Same as scenario One except when SCALE factor for point sources are changed
WNROS51.INP | to zero. This scenario represents a condition when both point and nonpoint
source loads are zero.

Three HNRO14.INP/ | Same as the Base Run scenario except when it is assumed that nonpoint source
WNRO30.INP | loads estimated by Ritter and Scarborough (11).

Four HNRO14.INP/ | Same as base run (1992 condition) except when it is assumed that nonpoint
WNRO40.INP | source loads estimated by Davis and Greene (12).

Five HNRO15.INP/ | Same as the base run loading condition except for 7Q10 flow conditions.
WNRO54.INP

Six HNRO15.INP/ | Same as scenario Five (7Q10 flow condition) except when it is assumed that
WNRO55.INP | point source loads are zero (SCALE=0 for PS LOAD).

Seven HNRO15.INP/ | Same as scenario Six except when it is assumed that scale factor for seaward
WNRO56.INP | boundary condition is 0.5 (instead of 1.0) for BOD5, P, N, and Chl-a

Eight HNRO15.INP/ | Same as scenario Five (7Q10 flow condition) except when it is assumed that
WNRO57.INP | point source load from Seaford STP is twice as much as it was during 1992.

Nine HNRO15.INP/ | Same as scenario Five (7Q10 flow condition) except when it is assumed that
WNRO58.INP | point sources are discharging according to their permitted flows and loads.

Ten HNRO15.INP/ | Same as scenario Nine (7Q10 flow + permitted flow and loads from point
WNRO59.INP | sources) except considering Biological Nutrient Removal (BNR) for Seaford,
Bridgeville, and Laurel STPs.




Scenario | Input File(s) Description
Eleven HNRO15.INP/ | Same as scenario Ten (7Q10 flow + permitted flow and loads for point sources
WNROGO.INP/ | + BNR for three facilities) except when it is assumed that Best Management
Practices (BMPs) are implemented for control of nonpoint source loads.
Furthermore, it is assumed that BMPs would result in 30% reduction of total N
and 50% reduction of total P loads.
Twelve  |HNRO15.INP/ | Same as scenario Eleven (7Q10 flow + permitted flow and loads from point
WNROG61.INP | sources+ BNR for three facilities + BMPs for nonpoint sources) except when it
is assumed that pollutant loads from Seaford and Bridgeville STPs are reduced
by half.
Thirteen  [HNRO14.INP/ | Same as scenario Twelve (7Q10 flow + permitted flow and load from point
WNRO62.INP | sources + BNR for three facilities + BMPs for point sources + %2 of BNR loads
from Seaford and Bridgeville) except for the 1992 flow condition.
Fourteen |HNRO14.INP/ | The 1992 flow and nonpoint source load condition + permitted flow and load
WNROG63.INP | from point sources + BNR for three facilities + %2 of BNR loads from Seaford
and Bridgeville + BMPs for nonpoint sources.
Fifteen HNRO14.INP/ | Same as the Base Run except with permitted flows and loads from point
WNROG4.INP | sources.
Sixteen HNRO15.INP/ | Same as scenario Twelve (7Q10 flow + permitted flows and loads from point
WNROG5.INP | sources + BNR for three facilities + BMPs for nonpoint source + %2 of BNR
loads from Seaford and Bridgeville) except when it is assumed that BNR load
from Laurel STPis also reduced by %.
Seventeen [HNRO15.INP/ | Natural Condition (Hypothetical) - 7Q10 flow + no point source load + using
WNRO66.INP | 0.5 (instead of 1.0) as scale factor for seaward boundary condition for BOD5,
total P, total N, and Chl-a+ BMPs for nonpoint sources

3.1. Sengitivity Test - Scenarios One and Two

These two scenarios were considered in order to test the sensitivity of the Nanticoke River Model
to changes in point and nonpoint source loads. Both scenarios consider 1992 flow condition. The
results of the Model runs showed that the Model responds reasonably well to changes in pollutant
loads from point and nonpoint sources.

3.2. Estimation of NPS Load - Scenarios Three and Four

These two scenarios were considered in order to determine a reasonabl e estimate of nonpoint
source (NPS) pollutant loads during 1992. Asit was stated earlier, three different methods were
used to estimate the nonpoint source pollutant loads for the Nanticoke River Sub-basin (11, 12,
8). The magnitude of the pollutant loads estimated by different methods are significantly
different. Since NPS load is amagjor input to the model, selection of a reasonable estimate of
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nonpoint source load for developing TMDL is greatly needed.

Ritter and Scarborough (11) used land use information to estimate nonpoint source loads. They
assigned nutrient loading rates for different land use/land coverages to estimate nutrient budget
for the entire Nanticoke River Sub-basin. Their estimates of total nitrogen and total phosphorous
loads during a dry, normal, and wet year are shown in Table 3-2.

Davis and Greene (12) used regression analysis to estimate daily flows at 12 tributariesin the
Nanticoke River sub-basin during 1992. Then, using the results of monitoring data at selected
stations in those tributaries, they estimated daily phosphorous and nitrogen loads for each
tributary during the year 1992. Their estimates of nonpoint source nutrient loads are shown in
Table 3-3.

Finally, Tetra Tech (8) used the ratio of tributaries drainage areas to the drainage area at the
Nanticoke River USGS Gaging Station 01487000 to estimate daily flows for the tributaries during
1992. Totaly, 22 tributaries were considered in the sub-basin. Then, using representative
concentrations (from long term monitoring results) of these tributaries, Tetra Tech estimated the
nitrogen and phosphorous loads for the year of 1992 (see Table 3-4).

A comparison of these three estimates of nonpoint source nutrient loads during 1992 is shown in
Figure 3-1. A total load for the sub-basin was used for each estimate. To construct Figure 3-1,
Ritter-Scarborough’ s estimates for nitrogen and phosphorous loads during the year 1992 were
considered to be 72.5% of their estimates for anormal year, since annual average flow during
1992 was 65.25 cfs, which is 72.5% of long term average flow of 90 cfs. The loads estimated by
first two methods are higher than Tetra Tech’s by more than 2.5 times.

Scenario Three uses Ritter and Scarborough’ s load estimates, and Scenario Four uses Davis and
Greene' s load estimates. While Tetra Tech’'s estimation are used in base run. The results of total
nitrogen (TN) and total phosphorus (TP) concentrations for Scenarios Three and Four are
presented in Figures 3-2 and 3-3, respectively. Comparing the model results to 1992 observed
data, TN and TP concentrations projected by these two scenarios are high above the observations,
while base run’s TN and TP concentrations (Figure 2-10) fit better to the observed data. This
indicates that considering loads higher than what are estimated by Tetra Tech would result in
unrealistically elevated concentrations of pollutants in the receiving streams. Therefore, Tetra
Tech’s estimation of nonpoint source load is considered reasonable and is used in this TMDL
analysis.



Table 3-2. Ritter and Scarborough’s Estimate of Nonpoint Source Load (11)

Total P (kg/d) Total N (kg/d)
Water shed Moisture Regime Moisture Regime

Dry Normal Wet Dry Normal Wet

Main Stem Nanticoke River 35 67 100 919 1706 2507
Broad Creek 28 60 81 944 1807 2436
Deep Creek 14 25 38 324 604 890
Gravely branch 8 15 23 193 359 528
Gum Branch 7 13 20 115 265 296
Total 92 180 262 2495 4741 6657

Table 3-3. Davisand Greene's Estimate of Nonpoint Source Nutrient Load (yr 1992)(12)

Tributary Total Phosphorous Total Nitrogen

(kg/d) (kg/d)
Butler Mill Branch 0.8 70
Chapel Mill Branch 0.3 40
Concord Pond 6.8 286
Cool Branch 10.3 63
Gravely Branch 2.7 145
Gum Branch 0.5 34
Hearns Pond 6.9 116
Horsey Pond 21 101
Portsville Pond 1.0 107
Main stem Nanticoke River at Rt. 545 9.4 631
Record Pond 120 789
Williams Pond 0.8 487
Total 53.6 2869




Table3-4. TetraTech, Inc’sEstimate of Nonpoint Source Nutrient L oad
(for the Year 1992)

Tributary Total Phosphorous | Total Nitrogen
(kg/d) (kg/d)

Dennis Creek 0.1 8

Gales Creek 0.9 62
Cod Creek 0.3 24
Wright Creek 0.2 15
Turtle Branch 0.7 64
Butler Branch 0.3 46
Chapel Branch 0.3 24
Clear Brook 21 89
Deep Creek 0.4 23
Gravely Branch 25 114
Gum Branch 0.1 13
Bridgeville Branch 0.5 46
Bee Branch 04 45
Glade Branch 0.1 9

Cart Branch 0.2 25
White Marsh Branch 0.9 93
Tussocky Branch 04 64
Callins & Culver Ditch 0.2 12
Holly Ditch 0.3 22
Little Creek 12 57
Records Pond 2.0 235

TOTAL 14.1 1090
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Figure 3-2.

Nanticoke River WASPS Model Calibration (Jun 1- Oct 1, 1992)
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3.3. Water Quality During 7Q10 Flow Condition - Scenario Five

This scenario was considered in order to project water quality condition of Nanticoke River and
Broad Creek during acritical (design) flow condition. Section 8 of the Standard (1) requires that
all water quality standards and criteria, except those for toxic substances, apply at flows higher
than 7Q10 condition. 7Q10 flow is defined as the 7-day, consecutive low flow with a recurrence
interval of 10 years. Asthis TMDL deals with nutrients and DO problems, it is appropriate to run
loading scenarios under this extreme condition.

In this scenario, the Hydrodynamic Model was run using estimated 7Q10 flows for the mainstem
of Nanticoke River and Broad Creek as well as tributaries in the sub-basin (Table 3-5). And the
Water Quality Model was run using 1992 measured pollutant loads from point sources and
nonpoint sources. The results of model runs for this scenario are shown in Figures 3-4 through
3-6, which shows that during critical flow conditions, pollutant concentrations in the stream
would be higher than what was observed during the year 1992.

3.4. Senditivity Analysis During 7Q10 Flow Condition - Scenarios Six, Seven, and Eight

These three scenarios were considered in order to test the model’ s sensitivity to changesin
pollutant loads and boundary condition during 7Q10 flows. The model results showed reasonable
responses to changes in pollutant loads and boundary conditions.

3.5. Permitted Loads Under 7Q10 Flow Condition - Scenario Nine

Scenario Nine projects water quality of the Nanticoke River and Broad Creek when all point
sources are discharging at their permitted loads while streams have 7Q10 flows. Table2-2in
Chapter 2 listed permitted loads for point source dischargers. The results of model runsfor this
scenario are shown in Figures 3-7 through 3-9 which show elevated concentrations of pollutants,
especialy nitrogen and phosphorous, in the Nanticoke River and Broad Creek.



TABLE 3-5. Tributary Flows Under 7Q10 Condition

Tributary

Drainage Area
(mile?)

Mode Segment
No.

Estimated 7Q10 Flow

(f3/s) (m/s)

Dennis Creek

1.35

0.28 0.01

Gales Creek

10.36

211 0.00

Cod Creek

6.52

1.33 0.04

\Wright Creek

39

0.80 0.02

Beaver Dam Branch

251

051 0.01

Turtle Branch

3.95

0.81 0.02

Gum Branch (south)

9.01

1.84 0.05

Butler Branch

10.3

210 0.06

Chapel Branch

5.82

O]l O]l ] W] W] N] PF

5.82 0.03

DuPont Gut

4.06

=Y
o

0.83 0.02

Clear Brook (Williams Pond)

22.93

=
N

4.67 0.13

Concord Pond (Deep Creek)

61.15

=Y
w

12.47 0.35

Cool Branch (Deep Creek)

4.09

=Y
w

0.83 0.02

Gravely Branch

38.77

[
~

7.90 0.22

Gum Branch (North)

30.38

N
[y

6.19 0.18

No Name Branch

2.06

N
[y

0.42 0.01

Bridgeville Branch

7.25

N
N

1.48 0.04

Bee Branch

7.04

N
N

144 0.04

Glade Branch

141

N
(631

0.29 0.01

Cart Branch

3.85

N
(o3}

0.78 0.02

Above White Marsh Branch

145

N
(o]

2.96 0.08

Tussocky Branch

9.81

®

2.00 0.06

Collins & Culver Ditch

2.04

W
a1

0.42 0.01

Holly Ditch

3.69

W
()]

0.75 0.02

Little Creek

16.26

W
(00]

331 0.09

Records Pond (Laurel)

80.98

N
o

16.51 0.47

TOTAL

362.64

81.85 201
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Figure 3-4. Concentrations of DO and BODS5 along Nanticoke River - Scenario Five
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Figure 3-5. Concentrationsof TP and TN along Nanticoke River - Scenario Five
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3.6. Point Source Load Reduction Under 7Q10 Flow Condition - Scenario Ten

Scenario Ten projects the water quality under reduced point source loads from three sewage
treatment plants (STP). It intends to investigate water quality improvements that can be achieved
from implementing Biological Nutrient Remova (BNR) technology in large municipal treatment
plants in the sub-basin. This scenario uses 7Q10 flow for the tributaries and receiving streams.
The point source loads are based on permitted values. In addition, it considers that BNR
technology is employed in three STPs in the subbasin. These three plants are Seaford STP,
Bridgeville STP, and Laurel STP.

The degree of nutrient load reductions in each facility as the result of BNR implementation is
related to the treatment processes currently in use in the facility, as well as additional processes
and capital investments considered for the plant. Previous studies conducted for several facilities
in the State (13, 14, 15) indicated that average concentrations of 0.7 - 2.0 mg/I of total
phosphorous and 6.0 - 10.0 mg/l of total nitrogen is achievable in most municipa facilities that
use BNR technology. In addition, some neighboring States have adopted a permit limit of 2.0
mg/l of total phosphorous and 8.0 mg/l of total nitrogen (annual average) for BNR facilities.

Considering above expected performance levels, concentrations of 12.0 mg/l for BODS5,

2.0 mg/l for total phosphorus, and 8.0 mg/I for total nitrogen are used to estimate pollutant loads
from these three STPs. Table 3-6 lists the point source loads for this scenario. The results of the
model run are presented in Figures 3-10, 3-11, and 3-12 which show some water quality
improvement.

Table 3-6. Point Source Loadsfor Scenario Ten
Considering BNR at Three STPs

Per mitted Concentration (mg/l) Daily Load (kg/d)
Flow
FACILITY NAME (mgd)
BOD5 Total P | Total N || BOD5 | Total P Total N
DuPont Seaford 64.65 6.0 0.12* 6.8* 187 ** 0 ** 535 **
Seaford STP 2.0 12.0 2.0 8.0 91 15.2 61
S.C. Johnson 0.8 0.0 0.0* 6.5% 0 0.0 20
Bridgeville STP 0.8 12.0 2.0 8.0 36 6.1 24
DelAgra Corp. 0.715 5.0 0.1* 7.53* 14 0.3 20
Laurel STP 0.5 12.0 2.0 8.0 23 3.8 15
Mobile Trailer Park 0.028 15.0 4.0% 30.0* 2 0.4 3
Total 69.49 -- -- -- 353 26 678

* Concentrations are not a permit limits, but are based on monitoring results.
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Figure 3-10. Concentrations of DO and BODS5 along Nanticoke River - Scenario Ten
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Figure 3-11. Concentrationsof TP and TN along Nanticoke River - Scenario Ten
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Figure 3-12. Concentrations of Total Chl-a and Temperature along Nanticoke River -
Scenario Ten
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3.7. Point Source and Nonpoint Source Load Reduction Under 7Q10 Flow Condition
- Scenario Eleven

Scenario Eleven is considered in order to project additional water quality improvement that can be
achieved as the result of controlling nonpoint source pollution loads. Specifically, this scenario
considers: 7Q10 flow condition in the receiving streams and tributaries; BNR level of treatment
for three large municipal facilities; current permitted flows and loads for other four treatment
plants, and Best Management Practices (BMPs) for all land use activities within the sub-basin.

The reduction in nonpoint source nutrient loads that can be achieved by implementing best
management practices is dependent on the soil type, topography, land use, and the specific BMPs
being considered. Field studies and application of comprehensive watershed models have shown
that in most cases, areduction of 20% to 40% of nitrogen load and 45% to 80% of phosphorous
load is achievable (16, 17). Considering these values, it is assumed that implementing BMPs in
the Nanticoke River Sub-basin would reduce nonpoint source nitrogen loads by 30 percent and
phosphorous loads by 50 percent. Table 3-7 lists the estimated nonpoint source nutrient loads
from various tributaries for this scenario.

The results of the Nanticoke River WASP5 Model for this scenario are shown in Figures 3-13
through 3-15.

3.8. Further Load Reduction Under 7Q10 Condition - Scenarios Twelve Through Sixteen

Scenarios Twelve through sixteen were considered in order to project additional water quality
improvement that can be achieved if pollutants |oads from large treatment plants in the sub-basin
are reduced by 50 percent compared to Scenario Ten. The results of model run for scenario
sixteen are shown in Figures 3-16 through 3-18. Scenario sixteen considers. 7Q10 flow in the
receiving stream; BNR level of treatment for three large municipa facilities in the sub-basin;
permitted flows and loads from other four treatment plants; and Best Management Practices for
all land use activities within the sub-basin. In addition, it assumes that pollution loads from three
large facilities in the sub-basin are reduced by additional 50%.

3.9 Hypothetical Natural Condition - Scenario Seventeen

In order to project hypothetical natural condition of the Nanticoke River, Scenario Seventeen was
considered. For this scenario, it is assumed that all point source discharges are removed and best
management practices are implemented in the entire sub-basin.  Furthermore, it is assumed that
because of reducing pollutants loads from point and nonpoint sources, concentration of pollutants
at the boundary is reduced by 50%. The results of model runs for this scenario are presented in
Figures 3-19 through 3-21.



Table 3-7. The Estimated Nonpoint Source Nutrient Load Under Scenario Eleven
(BMPsduring 7Q10 flow condition)

Tributary Total Phosp. | Total Nitrogen
(Kg/d) (Kg/d)

Dennis Creek 0.01 1
Gales Creek 0.10 10
Cod Creek 0.04
Wright Creek 0.02 2
Turtle Branch + Gum Branch (south) 0.08 10
Butler Branch 0.03 7
Chapel Branch + DuPont Gut 0.04
Clear Brook (Williams Pond) 0.24 14
Concord Pond (Deep Creek) +Coal 0.04 4
Gravely Branch 0.29 18
Gum Branch (North) 0.01 2
Bridgeville Branch + No Name Branch 0.05 7
Bee Branch 0.05 7
Glade Branch 0.01 1
Cart Branch 0.03 4
Above White Marsh Branch 0.11 15
Tussocky Branch 0.05 10
Callins & Culver Ditch 0.02 2
Hoally Ditch 0.03
Little Creek 0.13 9
Records Pond (Laurel) 0.22 38

Total 1.60 180
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Figure3-13. Concentrations of DO and BODS5 along Nanticoke River - Scenario Eleven
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Figure 3-14. Concentrations of TP and TN along Nanticoke River - Scenario Eleven
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Figure 3-15. Concentrations of Total Chl-a and Temperature along Nanticoke River -
Scenario Eleven
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Figure 3-16. Concentrations of DO and BODS5 along Nanticoke River - Scenario Sixteen
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Figure 3-17. Concentrationsof TP and TN along Nanticoke River - Scenario Sixteen

3-27



Nanticoke River WASP5 Mode! Calibration (Jun 1 - Oct 1, 1392)
175

150

125

=
2
T 5 I N
= I
o
=
g ik
2l
50 2

0 1 —
28 30 32 34 36 38 40 2 4 46 48 50 52 54 56 58

River Mile
Run WNROG5: Nanticoke River Transect

‘ @ observed

model (averaging interval: 160.00 - 270.00 days)

Nanticoke River WASP5 Model Calibration (Jun 1 - Oct 1, 1992)

30 l
I

25 % J
(o)
5 20
=
L
=2
s
g
1=
<
2

15

10

28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58

River Mile
Run WNROB5: Nanticoke River Transect

‘ % observed

model (averaging interval: 160.00 - 270.00 days)

Figure 3-18. Concentrations of Total Chl-a and Temperature along Nanticoke River -
Scenario Sixteen
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Figure 3-19. Concentrations of DO and BOD5 along Nanticoke River -
Scenario Seventeen
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Figure 3-20. Concentrationsof TP and TN along Nanticoke River - Scenario Seventeen
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Figure 3-21. Concentrationsof Total Chl-a and Temperature along Nanticoke River -
Scenario Seventeen



4. Establishment of TMDL
for Nanticoke River and Broad Creek

4.1. Selection of Loading Scenario for TMDL Establishment

A review of the summer-average (June - September) concentrations of dissolved oxygen (DO), 5-
day biochemical oxygen demand (BODY5), total phosphorous (TP), total nitrogen (TN), and
chlorophyll-a (Chl-a) in the Nanticoke River and Broad Creek for various loading conditions as
presented in Chapter 3, suggests that Scenario Eleven is the least restrictive load reduction
scenario, which still meet all water quality standards and TMDL targets.

For this scenario, it is assumed that stream flows during simulation period are 7Q10 flows. Under
this flow regime, instream dissolved oxygen concentration meets the water quality standard of
daily average 5.5 mg/l (see Figure 3-13).

With regard to nutrients (TP and TN), Figure 3-14 indicates that these concentrations exceed the
20% confidence limits of established targets of 3.0 mg/I for total N and 0.1 mg/I for total P.
However, when amore redlistic flow regime is considered, the TN and TP concentrations meet
the established targets (within 20% confidence limit) (see Figure 4-1). For this more redlistic flow
condition, it is assumed that flow condition in the stream is the 1992 flow (dry weather condition)
with the exception that for 7 days (July 20 through July 26) instream flow is equal to 7Q10 flow.

Considering the above, it can be concluded that Scenario Eleven can be used for establishing the
TMDL for the Nanticoke River and Broad Creek.

Asrequired, the TMDLs for the Nanticoke River and Broad Creek have three components
including a Waste Load Allocation (WLA) for point sources discharges, a Load Allocation (LA)
for nonpoint sources, and a Margin of Safety (MOS).

4.2. Waste Load Allocation (WLA)

The point source Waste Load Allocation corresponds to loading condition of Scenario Eleven
which requires that:
1. Biological nutrient removal be implemented in three large municipa wastewater
treatment plants in the sub-basin. These treatment plants are Seaford WWTP,
Bridgeville WWTP, and Laurel WWTP.
2. Pollutant loads from other four treatment plants in the sub-basin should not exceed
their current permitted loads.
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- 1992 flow condition with 7 days 7Q10 flow



Based on the above requirements, Table 4-1 is arranged to list the proposed BOD5, TP, and TN
Waste Load Allocation for all facilities in the sub-basin. These allocations can be incorporated
into Nationa Pollution Discharge Elimination System (NPDES) Permits through DNREC's
administration of the NPDES program.

TABLE 4-1. Waste Load Allocation for Point Sour ce Pollutants

Flow (mgd) Daily Load (kg/d)
FACILITY NAME
BOD5 Total P Total N

Seaford STP 2.0 91 15.2 61
Bridgeville STP 0.8 36 6.1 24
Laurel STP 0.5 23 3.8 15
Sub Total 3.3 150 251 100
DuPont Seaford 64.65 187 ** 0.0 ** 535 **
S.C. Johnson 04 0 0.0 10
DelAgra Corp. 0.715 14 0.3 20
Mobile Trailer Park 0.028 2 04 3
Sub Total 66.193 203 0.7 568

Total 69.093 353 258 668

** Net load from DuPont Plant (after considering load in the intake)

4.3. Load Allocation (LA)

With regard to nonpoint source loads, Scenario Eleven considers that Best Management Practices
(BMPs) are employed in al land use activities within the sub-basin. Furthermore, it assumes that
as the result of BMPs implementation, the loads of BODS5, nitrogen, and phosphorous from
nonpoint sources will be reduced by 30, 30, and 50 percent, respectively. Based on these
assumptions, the nonpoint source load allocations for BOD5, nitrogen, and phosphorous under
7Q10 flow condition, 1992 flow condition, normal year condition, and wet year condition are
shownin Table4-2. Load allocations for individual tributaries are listed in Tables 4-3, 4-4, and
4-5,

To alocate loads to major nonpoint source categories in the Nanticoke River Sub-basin, Table 4-
6 is presented, which indicates that agriculture, unsewered urban areas and septic tanks are major
sources of nonpoint source pollutants and are targeted for equal percentage load reduction at this
time. Further refinement of these load allocations will be accomplished through development of a
Pollution Control Strategy for the Nanticoke River and Broad Creek.
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Table4-2. Load Allocation for Nonpoint Sour ce Pollutants

Hydrologic Condition

L oad

Allocation || Bob5 [Total P
(kg/d)

7Q10 Flow Condition 1992 Flow Condition Normal Year Wet Year
Total N|| BOD5 | Total P | Total N|| BOD5 | Total P | Total N|| BOD5 |Total P| Total N
331 ]| 16 180 jj 1407 | 7.0 764 || 1941 | 9.7 | 1055 3880 | 19.4 | 2109

Possible best management activities that can achieve the above proposed reductions are

followings:

1. For Agricultural Activities

S@ P oo

2. For Construction Activities:
a. Runoff detention / retention

Nutrient management
Conservation tillage
Contour farming
Contour cover crops
Cover crops
Crop rotation
Anima waste management
Integrated pest management

b. Nonvegetative soil stabilization

c. Disturbed arealimits

3. Urban Areas:
a. Runoff detention / retention
b. Flood storage
c. Street cleaning

4. Multi-category:
a. Buffer strips
b. Detention /retention basins
c. Grassed waterway

d. Sediment traps

e. Vegetative stabilization / mulching
f. Stream side management zones.



Table 4-3. BOD5 Load Allocationsfor Tributaries

Tributary Under 7Q10 Flow Under 1992 Nor mal Wet Y ear
Condition Flow Condition Y ear
(Kg/d)
(Kg/d) (Kg/d) (Kg/d)

Dennis Creek 2 7 10 20
Gales Creek 13 55 76 152
Cod Creek 5 21 29 57
Wright Creek 3 13 18 37
Turtle Branch + Gum Branch 11 48 66 133
Butler Branch 7 31 43 86
Chapel Branch + DuPont Gut 5 22 30 60
Clear Brook (Williams Pond) 43 189 261 521
Concord Pond (Deep Cr) +Cool Br. 5 22 30 60
Gravely Branch 47 205 283 565
Gum Branch (North) 3 11 15 30
Bridgeville Br. + No Name Br. 9 39 53 107
Bee Branch 9 38 52 103
Glade Branch 2 6 10 21
Cart Branch 5 21 28 57
Above White Marsh Branch 18 77 107 213
Tussocky Branch 12 52 72 144
Collins & Culver Ditch 11 15 30
Holly Ditch 4 20 27 54
Little Creek 20 87 120 239
Records Pond (Laurel) 99 432 596 1191

TOTAL 331 1407 1941 3880




Table4-4. Total Nitrogen Load Allocationsfor Tributaries

Tributary Under 7Q10 Flow Under 1992 Nor mal Wet Y ear
Condition Flow Condition Y ear
(Kg/d) (Kg/d) (Kg/d) (Kgid) |

Dennis Creek 1 6 8 16
Gales Creek 10 44 60 121
Cod Creek 4 16 23 45
Wright Creek 11 15 29
Turtle Br. + Gum Br. (south) 10 45 62 124
Butler Branch 32 45 90
Chapel Branch + DuPont Gut 4 17 24 47
Clear Brook (Williams Pond) 14 62 86 171
Concord Pond (Deep Crk) +Cool Br. 4 16 22 45
Gravely Branch 18 80 110 220
Gum Branch (North) 2 9 13 25
Bridgeville Br. + No Name Br. 7 32 45 89
Bee Branch 7 31 43 89
Glade Branch 1 6 9 17
Cart Branch 4 17 24 48
Above White Marsh Branch 15 65 89 179
Tussocky Branch 10 45 62 124
Collins & Culver Ditch 9 12 24
Holly Ditch 4 16 21 43
Little Creek 40 55 109
Records Pond (Laurel) 38 165 227 454

TOTAL 180 764 1055 2109




Table 4-5. Total Phosphorous Load Allocationsfor Tributaries

Tributary Under 7Q10 Flow Under 1992 Nor mal Wet Y ear
Condition Flow Condition Y ear
(Kg/d) (Kg/d) (Kg/d) (Kgid) |

Dennis Creek 0.01 0.1 0.1 0.2
Gales Creek 0.10 04 0.6 12
Cod Creek 0.04 0.2 0.2 04
Wright Creek 0.02 0.1 0.1 0.3
Turtle Br. + Gum Br. (south) 0.08 0.3 0.5 0.9
Butler Branch 0.03 0.1 0.2 04
Chapel Branch + DuPont Gut 0.04 0.2 0.2 0.5
Clear Brook (Williams Pond) 0.24 11 15 29
Concord Pond (Deep Crk) +Cool Br. 0.04 0.2 0.2 0.5
Gravely Branch 0.29 13 1.7 35
Gum Branch (North) 0.01 0.1 0.1 0.2
Bridgeville Br. + No Name Br. 0.05 0.2 0.3 0.6
Bee Branch 0.05 0.2 0.3 0.6
Glade Branch 0.01 0.0 0.1 0.1
Cart Branch 0.03 0.1 0.2 0.3
Above White Marsh Branch 0.11 0.5 0.6 13
Tussocky Branch 0.05 0.2 0.3 0.6
Collins & Culver Ditch 0.02 0.1 0.1 0.2
Holly Ditch 0.03 0.2 0.2 04
Little Creek 0.13 0.6 0.8 16
Records Pond (Laurel) 0.22 1.0 14 2.7

TOTAL 1.60 7.0 9.7 194




Table4-6. NPS Load Allocation On Land Use Activity (1992 base)

SOURCE BOD5 Total Nitrogen Total Phosphorus

Load | Reduction | Load Reduction | Load | Reduction
(Kg/d) (%) (Kg/d) (%) (Kg/d) (%)

Agriculture

Unsewered Urban

/Build-up Areas 1407 30 764 30 7 50

Septic Tanks

Others

4.4. Consderation of a Margin of Safety

Furthermore, Section 303(d)(1)(C) of the Clean Water Act, which requires States to develop
TMDL, requires that the established TMDL includes a margin of safety to take into account any
lack of knowledge or any simplified assumptions made during evaluation process. Consideration
of amargin of safety will insure that water quality standards will be met despite the uncertainty
that may exist as the result of the variability of field data or assumptions made during the analysis.

A review of the summer-average DO concentrations in the Nanticoke River for Scenario Eleven
(Figure 3-13) shows that the concentrations are generally higher than 6.2 mg/l. Since summer-
average DO standard for fresh waters of the State is 5.5 mg/l (1), a margin of safety of at least 0.7
mg/l exists throughout the river. For total nitrogen, the summer-average concentrations are all
under 2.7 mg/l which provide amargin of safety of at least 0.3 (Figure 4-1). Total phosphorus
concentrations are under targeted value 0.1 mg/l at most locations along the streams except for a
few segments which are above the target but within the 20 percent confidence limit. Furthermore,
conservative assumptions considered throughout the model simulation added more safety
margins. These assumptions included: (1) constant point source loads, (2) maximum permitted
flows and loads from the point sources, (3) concurrent discharges from all point sources, (4)
warm temperature, and (5) the occurrence of all these conditions simultaneously.

4.5. Authority and Responsibility for TM DL Development

Authority to develop atotal maximum daily load is provided by Section 6010 of Chapter 60, Title
7, of the Delaware Code and Section 303(d) of the Federal Clean Water Act, 33 U.S.C. 1251 et.
seq., asamended. Section 402 of the Federal Clean Water Act, 33 U.S.C. 1251 et. seq., as
amended and Chapter 60, Title 7, of the Delaware Code provide the authority for issuance of
Discharge Permits. Section 7 of the State of Delaware Surface Water Quality Standards provides
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the regulatory basis for establishing nutrient controls from point and human induced nonpoint
sources. In addition, Section 7.05 of the State of Delaware Regulations Governing the Control of
Water Pollution provides the authority for the establishment of additiona effluent limitations to be
uniformly imposed on all discharges within aregion to assure compliance with Water Quality
Standards.

Delaware Department of Natural Resources and Environmental Control (DNREC) will useits
authority to implement the TMDL through issuance of Nationa Pollution Discharge Elimination
System Permits for the point sources within the Sub-basin. The Department will also cooperate
with other agencies such as Sussex Conservation District, Department of Agriculture, Soil
Conservation Service, and Sussex County Municipalities to achieve the nonpoint source load
controls that are called for in thisTMDL. EPA Region |1l has the overall authority for review
and approval of the TMDL.

4.6. Pollution Control Strategy for the Sub-basin

DNREC is proposing to implement the requirements of the proposed total maximum daily loads
for nitrogen and phosphorus through development of a Pollution Control Strategy (PCS). A PCS
for the Nanticoke River and Broad Creek will be established through Department’ s Whole Basin
Management Program in concert with the affected public.

4.7. Public Participation

Public participation is a key element of the TMDL process and its successful implementation.
Therefore, it is DNREC' sintent to solicit public input by forming TMDL advisory committees
and holding public workshops and public hearings.

To this end, an interagency TMDL Work Group has been formed with representatives from many
programs within the DNREC, Department of Health and Social Services, Department of
Agriculture, and the EPA Region 3. Thiswork group reviews TMDL activitiesin the State and
provides valuable input. In addition, a TMDL Advisory Committee has been formed for the
Nanticoke River Sub-basin which has reviewed the TMDL Regulations for the Nanticoke River
Sub-basin. The public workshop and public hearing for the Nanticoke River and Broad Creek
TMDLs were conducted on September 9, 1998. Public comments collected in the hearing have
been incorporated in this report.
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APPENDIX A INPUT FILESFOR WASP5 PROGRAM
Page
1. HNRO14.INP (8) - Hydrodynamic model input file for 1992 hydrological condition.
A-1-2

2. WNRO39.INP (8) - Water quality model input file under 1992 pollutants loading A-2-1
condition.
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315
284
315
315
315
221
850
004
067
349
036

. 161

371

.515
. 484
. 453
. 409
. 383
.371
. 358
. 339
.333
.314
. 358
. 534
. 459
. 974
. 654
. 597
. 647
. 780
. 723
. 780
. 780
L7117
. 647
. 585
. 566

534
673
603
585
541
522
534
679
572
446
371
346
409
754
541
415
321
333
314
214
239
214
182
151
157
214

243 0000
247 0000
251 0000
255 0000
259 0000
263 0000
267 0000
271 0000
275 0000
279 0000
283 0000
287 0000
291 0000
295 0000
299 0000
303 0000
307 0000
311 0000
315 0000
319 0000
323 0000
327 0000
331 0000
335 0000
339 0000
343 0000
347 0000
351 0000
355 0000
359 0000
363 0000

3 0000
7 0000
11 0000
15 0000
19 0000
23 0000
27 0000
31 0000
35 0000
39 0000
43 0000
47 0000
51 0000
55 0000
59 0000
63 0000
67 0000
71 0000
75 0000
79 0000
83 0000
87 0000
91 0000
95 0000
99 0000
103 0000
107 0000
111 0000
115 0000
119 0000
123 0000
127 0000
131 0000
135 0000
139 0000
143 0000
147 0000
151 0000
155 0000
159 0000
163 0000
167 0000
171 0000
175 0000
179 0000
183 0000
187 0000
191 0000
195 0000
199 0000
203 0000
207 0000

409
127
347
535
127
065
065
318
503
441
253
253
159
159
315
159
096
691
315
409
347
315
441
284
253
221
599
942
318
286
067

371

. 484
. 459
. 434

383

. 409

352
365
339
333
314
666
509
522
773
635
654
113
748
849
798
452
704
635
585
566
541
647
591
572
522
515
962
654
547
427
396
339
371
635
509
396
339
295
295
220
245
201
157
163
163
226

244
248
252
256
260
264
268
272
276
280
284
288
292
296
300
304
308
312
316
320
324
328
332
336
340
344
348
352
356
360
364

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

347
190
253
253
096
065
002
879
441
347
347
190
159
159
221
159
816
472
315
347
315
378
409
315
284
190
224
036
443
161
098

534

. 465
. 434
. 415

383

. 427

358
358
339
321
314
534

. 478

515
717
616
685
962
742
874
742
924
679
616
572
547
547
610
616
553
522

. 490

792
616
515
396
396

L4711

352
578

. 465

365
346
302
270
226
245
182
157
157
207
207

209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
269
273
277
281
285
289
293
297
301
305
309
313
317
321
325
329
333
337
341
345
349
353
357
361
365

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.201
. 220
.214
. 170
. 189
. 490
L4711
.333
. 289
. 258
. 245
. 239
. 233
.214
.201
. 295
. 339
. 283
. 258
. 258
. 233
. 245
. 233
. 239
. 283
. 302
. 283
277
. 264
. 258
. 264
. 270
. 270
. 251
. 270
. 415
. 453
. 465
. 434
. 434

366

.133
. 106
. 099
. 092
. 088
. 085
. 081
. 076
. 075
. 069
. 074
.118
. 105
. 194
. 149
. 136
. 144
. 187
. 164
. 183
. 159
. 173
. 151
.133
.127
. 120
. 125
. 139
. 136
. 154
. 120
.211
. 160
. 135
. 106
. 084
. 082
. 108
.118
. 126
. 098
. 075
. 075

. 195

211
215
219
223
227
231
235
239
243
247
251
255
259
263
267
271
275
279
283
287
291
295
299
303
307
311
315
319
323
327
331
335
339
343
347
351
355
359
363

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

COOOOOOO000000000000000000000000ORO00000

182
201
189
163
233
220
371
302
283
226
270
308
226
214
214
465
302
289
251
251
233
233
264
233
220
339
264
283
270
264
289
258
251
245
522
390
465
459
415

084

. 109
. 103
. 098
. 086
. 092
. 079
. 082
. 076
. 075
. 071
. 150
. 115
.118
. 174
. 143
. 147
. 251
. 168
.191
. 180
. 327
. 159
. 143
. 132
.127
.122
. 146
.133
. 129
.118
. 116
.217
. 147
.123
. 096
. 089
. 076
. 084
. 143
. 115
. 089
. 076
. 067

212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288
292
296
300
304
308
312
316
320
324
328
332
336
340
344
348
352
356
360
364

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 176

201
176
157

. 415

622
352
277
270
239
251
251
220
214
201
377
289
270
270
239
233
233
245
233
365
295
264
270
264
277
283
264
258
239

. 446
. 409
. 490
. 434
.421

. 120
. 105
. 098
. 093
. 086
. 096
. 081
. 081
. 076
. 072
.071
. 120
. 108
. 116
. 161
. 139
. 154
.217
. 167
. 197
. 167
. 208
. 153
. 139
. 129
.123
.123
. 137
. 139
. 125
.118
. 110
. 178
. 139
. 116
. 089
. 089
. 106
. 079
. 130
. 105
. 082
.078
. 068



177
181
185
189
193
197
201
205
209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
269
273
277
281
285
289
293
297
301
305
309
313
317
321
325
329
333
337
341
345
349
353
357
361
365

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 074
. 057
. 050
. 050
. 040
. 035
. 038
. 047
. 045
. 050
. 048
. 038
. 042
.110
. 106
. 075
. 065
. 058
. 055
. 054
. 052
. 048
. 045
. 067
. 076
. 064
. 058
. 058
. 052
. 055
. 052
. 054
. 064
. 068
. 064
. 062
. 059
. 058
. 059
. 061
. 061
. 057
. 061
. 093
. 102
. 105
. 098
. 098

366

. 047
. 075
. 059
. 056
. 052
. 049
. 048
. 045
. 043
. 042
. 039
. 041
. 066
. 059
. 109
. 083
. 076
. 081
. 105
. 092
. 102
. 089
. 097
. 085
. 075
. 071
. 067
. 070
.078
. 076
. 086
. 067
.118
. 090
. 075
. 059

178 0000 -0
182 0000 -0
186 0000 -0
190 0000 -0
194 0000 -0
198 0000 -0
202 0000 -0
206 0000 -0
210 0000 -0
214 0000 -0
218 0000 -0
222 0000 -0
226 0000 -0
230 0000 -0
234 0000 -0
238 0000 -0
242 0000 -0
246 0000 -0
250 0000 -0
254 0000 -0
258 0000 -0
262 0000 -0
266 0000 -0
270 0000 -0
274 0000 -0
278 0000 -0
282 0000 -0
286 0000 -0
290 0000 -0
294 0000 -0
298 0000 -0
302 0000 -0
306 0000 -0
310 0000 -0
314 0000 -0
318 0000 -0
322 0000 -0
326 0000 -0
330 0000 -0
334 0000 -0
338 0000 -0
342 0000 -0
346 0000 -0
350 0000 -0
354 0000 -0
358 0000 -0
362 0000 -0
366 0000 -0.

(Collins & Cu

2 0000 -0.

6 0000 -0.
10 0000 -0.
14 0000 -0.
18 0000 -0.
22 0000 -0.
26 0000 -0.
30 0000 -0.
34 0000 -0.
38 0000 -0.
42 0000 -0.
46 0000 -0.
50 0000 -0.
54 0000 -0.
58 0000 -0.
62 0000 -0.
66 0000 -0.
70 0000 -0.
74 0000 -0.
78 0000 -0.
82 0000 -0.
86 0000 -0.
90 0000 -0.
94 0000 -0.
98 0000 -0.
102 0000 -0.
106 0000 -0.
110 0000 -0.
114 0000 -0.
118 0000 -0.
122 0000 -0.
126 0000 -0.
130 0000 -0.
134 0000 -0.
138 0000 -0.
142 0000 -0.

. 071
. 048
. 054
. 048
. 041
. 034
. 035
. 048
. 044
. 058
. 047
. 038
. 042
. 139
. 092
. 071
.071
. 051
. 059
. 058
. 051
. 045
. 047
. 146
. 071
. 064
. 057
. 058
. 052
. 054
. 052
. 052
. 055
. 072
. 061
. 068
. 059
. 058
. 059
. 059
. 059
. 055
. 129
. 091
. 093
. 106
. 092

098
lver
047
065
061
057
052
048
047
045
043
042
040
045
067
058
123
082
075
082
098
091
098
098
090
082
074
071
067
085
076
074
068
066
193
086
072
056

179 0000
183 0000
187 0000
191 0000
195 0000
199 0000
203 0000
207 0000
211 0000
215 0000
219 0000
223 0000
227 0000
231 0000
235 0000
239 0000
243 0000
247 0000
251 0000
255 0000
259 0000
263 0000
267 0000
271 0000
275 0000
279 0000
283 0000
287 0000
291 0000
295 0000
299 0000
303 0000
307 0000
311 0000
315 0000
319 0000
323 0000
327 0000
331 0000
335 0000
339 0000
343 0000
347 0000
351 0000
355 0000
359 0000
363 0000

Di tch)
0000
0000
0000
0000
0000
0000
0000
31 0000
35 0000
39 0000
43 0000
47 0000
51 0000
55 0000
59 0000
63 0000
67 0000
71 0000
75 0000
79 0000
83 0000
87 0000
91 0000
95 0000
99 0000
103 0000
107 0000
111 0000
115 0000
119 0000
123 0000
127 0000
131 0000
135 0000
139 0000
143 0000

NN R
NwoukNw

. 067
. 050
. 055
. 045
. 035
. 037
. 037
. 051
. 041
. 045
. 042
. 037
. 052
. 275
. 084
. 068
. 064
. 051
. 061
. 069
. 051
. 048
. 048
. 105
. 068
. 065
. 057
. 057
. 052
. 052
. 059
. 052
. 050
. 076
. 059
. 064
. 061
. 059
. 065
. 058
. 057
. 055
.118
. 088
. 105
. 103
. 093

. 047
. 061
. 058
. 055
. 048
. 052
. 044
. 046
. 043
. 042
. 040
. 084
. 064
. 066
. 098
. 080
. 082
. 140
. 094
. 107
.101
. 183
. 089
. 080
. 074
.071
. 068
. 082
. 075
. 072
. 066
. 065
.121
. 082
. 069
. 054

180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288
292
296
300
304
308
312
316
320
324
328
332
336
340
344
348
352
356
360
364

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 061

051
055
041
035
035
047
047
040
045
040
035
093
140
079
062
061
054
057
057
050
048
045
085
065
061
061
054
052
052
055
052
082
067
059
061
059
062
064
059
058
054
101
092
110
098
095

. 067
. 059
. 055
. 052
. 048
. 054
. 045
. 045
. 043
. 040
. 040
. 067
. 060
. 065
. 090
.078
. 086
.121
. 094
. 110
. 094
.117
. 086
.078
. 072
. 069
. 069
. 077
.078
. 070
. 066
. 062
. 100
.078
. 065
. 050

145
149
153
157
161
165
169
173
177
181
185
189
193
197
201
205
209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
269
273
277
281
285
289
293
297
301
305
309
313
317
321
325
329
333
337
341
345
349
353
357
361
365

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 047
. 046
. 060
. 066
. 071
. 055
. 042
. 042
. 041
. 032
. 028
. 028
. 022
. 020
. 021
. 026
. 025
. 028
. 027
. 021
. 024
. 062
. 059
. 042
. 036
. 033
. 031
. 030
. 029
. 027
. 025
. 037
. 043
. 036
. 033
. 033
. 029
. 031
. 029
. 030
. 036
. 038
. 036
. 035
. 033
. 033
. 033
. 034
. 034
. 032
. 034
. 052
. 057
. 059
. 055
. 055

366

. 224
. 357
. 285
. 266
. 247
. 235
. 228
.216
. 205
.201
. 186
. 197
.315
.281
. 520
. 398
. 364
. 387
. 501
. 440
. 489
. 425
. 463
. 406
. 357
. 342
.323
. 334

146
150
154
158
162
166
170
174
178
182
186
190
194
198
202
206
210
214
218
222
226
230
234
238
242
246
250
254
258
262
266
270
274
278
282
286
290
294
298
302
306
310
314
318
322
326
330
334
338
342
346
350
354
358
362
366

(Tussock Br.)
2 0000 -0.

WWWNNE PP
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0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

-0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-0
-0
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

047

. 044
. 052
. 095
. 068
. 052
. 040
. 042
. 040
. 027
. 030
. 027
. 023
.019
. 020
. 027
. 025
. 033
. 026
. 021
. 024
.078
. 052
. 040

040

. 029
. 033
. 033
. 029
. 025
. 026
. 082
. 040
. 036
. 032
. 033
. 029
. 030
. 029
. 029
. 031
. 040
. 034
. 038
. 033
. 033
. 033
. 033

033
031
072
051
052
059
052
055

224

.311
. 292
. 273
. 247
.231
. 224
.216
. 205
.201
. 190
.216
.323
. 277
. 588
. 395
. 360
.391
.471
. 436
.471
.471
. 433
.391
. 353
. 342
.323
. 406

147
151
155
159
163
167
171
175
179
183
187
191
195
199
203
207
211
215
219
223
227
231
235
239
243
247
251
255
259
263
267
271
275
279
283
287
291
295
299
303
307
311
315
319
323
327
331
335
339
343
347
351
355
359
363

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 050
. 043
. 047
. 080
. 064
. 050
. 043
. 037
. 037
. 028
. 031
. 025
. 020
. 021
. 021
. 029
. 023
. 025
. 024
. 021
. 029
. 154
. 047
. 038
. 036
. 029
. 034
. 039
. 029
. 027
. 027
. 059
. 038
. 036
. 032
. 032
. 029
. 029
. 033
. 029
. 028
. 043
. 033
. 036
. 034
. 033
. 036
. 033
. 032
. 031
. 066
. 049
. 059
. 058
. 052

. 224
. 292
. 277
. 262
.231
. 247
.212
. 220
. 205
.201
. 190
. 402
. 307
.315
. 467
. 383
. 395
. 672
. 452
.512
. 482
. 877
. 425
. 383
. 353
. 342
. 326
.391

148
152
156
160
164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288
292
296
300
304
308
312
316
320
324
328
332
336
340
344
348
352
356
360
364

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 050

059
044
073
059
046
044
038
034
029
031
023
020
020
026
026
022
025
022
020
052
078
044
035
034
030
032
032
028
027
025
048
036
034
034
030
029
029
031
029
046
037
033
034
033
035
036
033
033
030
056
052
062
055
053

.323
.281
. 262
. 250
.231
. 258
.216
.216
. 205
. 194
. 190
.323
. 288
.311
. 433
. 372
.414
. 581
. 448
. 527
. 448
. 558
. 410
.372
. 345
. 330
. 330
. 368



113
117
121
125
129
133
137
141
145
149
153
157
161
165
169
173
177
181
185
189
193
197
201
205
209
213
217
221
225
229
233
237
241
245
249
253
257
261
265
269
273
277
281
285
289
293
297
301
305
309
313
317
321
325
329
333
337
341
345
349
353
357
361
365

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

.372
. 364
.414
.323
. 565
. 429
. 360
. 285
. 224
. 220
. 288
.315
. 338
. 262
.201
.201
. 197
. 152
. 133
. 133
. 106
. 095
. 102
. 125
.121
. 133
. 129
. 102
. 114
. 296
. 285
.201
. 175
. 156
. 148
. 144
. 140
. 129
.121
. 178
. 205
.171
. 156
. 156
. 140
. 148
. 140
. 144
.171
. 182
.171
. 167
. 159
. 156
. 159
. 163
. 163
. 152
. 163
. 250
. 273
.281
. 262
. 262

366

.331
. 527
.421
. 392
. 364
. 348
. 336
. 320
. 303
. 297
. 275
. 292
. 465
. 415
. 768
. 589
. 538
.572
. 740
. 650

COOOOOOOO00000000000

. 364
. 353
. 326
.315
. 926
. 410
. 345
. 269
. 224
. 209
. 247
. 455
. 326
. 250
. 194
.201
. 190
. 129
. 144
. 129
. 110
. 091
. 095
. 129
.118
. 156
.125
. 102
.114
. 372
. 247
. 190
. 190
. 137
. 159
. 156
. 137
.121
. 125
.391
. 190
.171
. 152
. 156
. 140
. 144
. 140
. 140
. 148
. 194
. 163

182
159
156
159
159
159
148
345
243
250
285
247
262
ver

460
432
404
364
342
331
320
303
297
280
320
477
409
869
583
533
577
695
645

115 0000 -0.357
119 0000 -0.345
123 0000 -0.315
127 0000 -0.311
131 0000 -0.581
135 0000 -0.395
139 0000 -0.330
143 0000 -0.258
147 0000 -0.239
151 0000 -0.205
155 0000 -0.224
159 0000 -0.383
163 0000 -0.307
167 0000 -0.239
171 0000 -0.205
175 0000 -0.178
179 0000 -0.178
183 0000 -0.133
187 0000 -0.148
191 0000 -0.121
195 0000 -0.095
199 0000 -0.099
203 0000 -0.099
207 0000 -0.137
211 0000 -0.110
215 0000 -0.121
219 0000 -0.114
223 0000 -0.099
227 0000 -0.140
231 0000 -0.736
235 0000 -0.224
239 0000 -0.182
243 0000 -0.171
247 0000 -0.137
251 0000 -0.163
255 0000 -0.186
259 0000 -0.137
263 0000 -0.129
267 0000 -0.129
271 0000 -0.281
275 0000 -0.182
279 0000 -0.175
283 0000 -0.152
287 0000 -0.152
291 0000 -0.140
295 0000 -0.140
299 0000 -0.159
303 0000 -0.140
307 0000 -0.133
311 0000 -0.205
315 0000 -0.159
319 0000 -0.171
323 0000 -0.163
327 0000 -0.159
331 0000 -0.175
335 0000 -0.156
339 0000 -0.152
343 0000 -0.148
347 0000 -0.315
351 0000 -0.235
355 0000 -0.281
359 0000 -0.277
363 0000 -0.250
at White Marsh Br.)
3 0000 -0.331

7 0000 -0.432
11 0000 -0.409
15 0000 -0.387
19 0000 -0.342
23 0000 -0.364
27 0000 -0.314
31 0000 -0.325
35 0000 -0.303
39 0000 -0.297
43 0000 -0.280
47 0000 -0.594
51 0000 -0.454
55 0000 -0. 465
59 0000 -0.690
63 0000 -0.566
67 0000 -0.583
71 0000 -0.992
75 0000 -0.667
79 0000 -0.757

A-1-8

116
120
124
128
132
136
140
144
148
152
156
160
164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
252
256
260
264
268
272
276
280
284
288
292
296
300
304
308
312
316
320
324
328
332
336
340
344
348
352
356
360
364

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 372

334
315
296

. 478

372
311
239
239
285
212
349
281
220
209
182
163
137
148
110
095
095
125
125
106
121
106
095
250
376
212
167
163
144
152
152
133
129
121
228
175
163
163
144
140
140
148
140
220
178
159
163
159
167
171
159
156
144
269
247
296
262
254

477
. 415
. 387
. 370
. 342
.381
. 320
. 320
. 303
. 286
. 280
477
. 426
. 460
. 639
. 549
.611
. 858
. 662
L1779

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

. 723
. 628
. 684
. 600
. 527
. 505
477
. 493
. 549
. 538
.611
477
. 835
. 634
.533
.421
.331
. 325
. 426
. 465
. 499
. 387
. 297
. 297
. 292
. 224
. 196
. 196
. 157
. 140
. 151
. 185
.179
. 196
.191
. 151
. 168
. 437
.421
. 297
. 258
. 230
.219
.213
. 207
.191
.179
. 264
. 303
. 252
. 230
. 230
. 207
.219
. 207
.213
. 252
. 269
. 252
. 247
. 235
. 230
. 235
.241
.241
. 224
.241
. 370
. 404
. 415
. 387
. 387

366

. 089
. 141
.113
. 105
. 098
. 093
. 090
. 086
. 081
. 080
. 074
.078

(Cart Br.)

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

COOOOOO0O000000000000000000000000000000000000000000000000000RO000000000000

695
695
639
577
521
505
477
600
538
521
482
465
368
606
510
398
331
308
364
673
482
370
286
297
280
191
213
191
163
135
140
191
174
230
185
151
168
549
364
280
280
202
235
230
202
179
185
577
280
252
224
230
207
213
207
207
219
286
241
269
235
230
235
235
235
219
510
359
370
421
364
387

0. 0